The ban on antibiotics use in animal agriculture especially in Europe and the increased awareness of the consumers about the health hazards that occurs due to the use of antibiotics as feed additives in animal nutrition triggered a need for natural and safe feed additives such as plant extracts. Therefore, there is a need to explore/exploit different natural plant products to achieve better production in farm animals. Herbs and spices are known to have health benefits on animals when used as feed additives in animal nutrition. For effective use of herbs and spices, they can be added to feed as dried plants or as extracts. Ruminants have been adapted to fill an important ecological niche because of their specially adapted digestive tract that allows them to survive on fibrous feeds. However, the degradation of these feeds in the rumen leads to loss in terms of methane production and nitrogenous wastage. Methane loss represents about 12% of the gross energy of feed fed to the animals. Because of these reasons, there is need to manipulate the rumen microbial ecosystem for the purpose of improving ruminants production efficiency. Recently, many researchers have diverted their attentions to the use of extracts/meal from herbs and spices because of their great potentials. Many researches has been carried out by various researchers using different extracts/meal of some herbs and spices using in vitro gas production techniques to manipulate rumen microbial ecosystem in order to improve the productivity of ruminants. From the findings of these researches, it can be concluded that extracts of herbs and spices have a great potential in manipulating the process of rumen fermentation thereby reducing methane production, decreasing ammonium concentration and other rumen fermentation parameters.
Introduction
The ban on nutritive antibiotics use by the European Union (OJEU, 2003) in animal agriculture and the increased awareness of the consumers about the health hazards that occurs due to the use of antibiotics as feed additives in animal nutrition triggered a need for natural and safe feed additives such as organic acids, probiotics, prebiotics and plant extracts as a substitute to the use of antibiotics and other chemical sources in animal nutrition (Jayasena & Jo, 2013) . The residual effect of the antibiotics and other chemical sources found in meat and milk products can give rise to transmissible resistance factors that may lead to health problems and compromise the therapeutic use of antibiotic in humans (Casewell et al., 2003 , Russell & Houlihan, 2003 . Therefore, there is a need to exploit different natural plant products to achieve better production of farm animals (Cruz et al., 2014 , Valero et al., 2014b , Valero et al., 2015 . action, anti-oxidative action, immunostimulant function and appetite/digestion stimulants. (Patra, 2011 , Bodas et al., 2012 , Patra & Saxena, 2010 , Benchaar et al., 2008a . Thousands of years ago, plants and their extracts were already used in Mesopotamia, Egypt, India, China and old Greece, where they were valued because of their specific aroma and various medicinal properties (Greathead, 2003) . The composition of extracts from a plant depends on the extraction method and the properties of the extraction solvent used. Plants contain some secondary metabolites, which are responsible for certain biological and physiological effects (Calsamiglia et al., 2007) . The amount of these secondary metabolites varies depending on the variety of plant, age, growing conditions etc. (Benchaar et al., 2008a) .
Herbs and spices (such as cinnamon, oregano, thyme, ginger, garlic etc) are known to have health benefits (such as appetite and digestion stimulants (Janz et al., 2007 , Srinivasan, 2005 , anti-microbial action (Pasqua et al., 2006 , Windisch et al., 2008 , anti-inflammatory action (Craig, 1999 , Srinivasan, 2005 , anti-oxidative action (Craig, 1999 , Fasseas et al., 2008 and immunostimulant function (Craig, 1999) on animals when used as feed additives in animal nutrition. For effective use of herbs and spices, they can be added to feed as dried plants or as extracts. Ruminants have been adapted to fill an important ecological niche because of their specially adapted digestive tract that allows them to survive on fibrous feeds. Ruminants are able to utilize much of plant materials that cannot be utilized to any appreciable extent by simple stomach animals because of a large part of the carbohydrate that contains simple sugars joined together by β-links such as cellulose (Van Soest, 1994) . In the developing countries, fibrous feeds such as crop residues, agro-industrial by-products and natural pasture or native grass, which are of low digestibility takes a larger percentage of feeds available to most ruminants under small scale production system (Wanapat et al., 2009 , Moreira & Prado, 2010 . A major characteristic of these fibrous feeds is their slow rate of degradation in the rumen by microbes, which result into much nutrients present in the feed voided in faeces (Teferedegne, 2000 , Wanapat, 2000 . On the other hand, high levels of energy and protein are required in feeding ruminant in intensive production systems, especially for dairy production. Thus, animals are fed on rations rich in starch and high quality protein, which are fermented very rapidly. There are microorganisms (bacteria, fungi, protozoa and methanogens) which are responsible for the breaking down of this plant materials in a process called rumen fermentation. A symbiotic relationship is established between ruminants and rumen microorganisms in which the animal provides nutrients and optimal environmental conditions for the fermentation of feeds by the microorganisms. The microorganisms degrade carbohydrate and protein present in the feed thereby synthesizing microbial protein in order to supply energy and protein to the animal. It is well know that the rapid degradation of carbohydrates leads to the production of volatile fatty acids (VFA's). In the synthesis of this VFA's, hydrogen is produced in which much of it undergoes a chemical reaction in methanogenic bacteria (such as Methanobacterium formicicum, M. ruminantium, M. bryanti, Methanobrevibacter ruminantium, Methanosarcina barkeri, Methanomicrobium mobile and Methanoculleus olentangyi) thereby leading to methane production. The methane produced must be expelled together with CO2 through the process of eructation (Bunglavan, 2014) . Methane loss is a major problem that is always associated with green house effect and it also represent economic loss to farmers in that energy loss in the form of methane should rather be used in the process of meat and milk production in ruminant livestock (Åby et al., 2013) . Methane loss represents about 12% of the gross energy of feed fed to the animals (Patra, 2012) . About 95% of the global animal enteric methane is from ruminants, which is a consequence of their large population, body size and feed intake (Donald & Ward, 1996) . The rapid breakdown of dietary protein to ammonia increases nitrogenous wastage rather than contributing directly to the animal's nutrient requirements in order to increase productivity. About 75 to 85% of nitrogen consumed by dairy cows is excreted in the faeces and urine (Tamminga, 1992 , Gunjan & Makkar, 2012 , Patra, 2012 and it also has negative impact on the environment by increasing nitrous oxide emissions in the atmosphere (Boadi et al., 2004 Recently, many researchers have diverted their attentions to the use of extracts/meal from herbs and spices because of their great potentials as alternatives to antibiotics for the purpose of manipulating rumen ecosystem in ruminant nutrition and growth. Many researches has been carried out by various researchers using different extracts/meal of some herbs and spices in association with various techniques to manipulate rumen microbial ecosystem in order to improve the productivity of ruminants (Geraci et al., 2012 , Patra & Saxena, 2010 , Benchaar et al., 2008a , Calsamiglia et al., 2007 , Jayasena & Jo, 2013 . The purpose of this review is to investigate the effect of extract/meal of some herbs and spices on rumen fermentation using in-vitro gas technique.
Herbs and spices
The use of plant extracts appears as one of the most natural alternatives to antibiotic use in animal nutrition (Bunglavan, 2014) . The natural occurrence of plants and their extracts makes them safe for consumption (FDA, 2004) . Plant extracts has been used in the past decades for various purposes such as medicinal purpose, food preservatives etc. because of their antimicrobial properties (Davidson & Naidu, 2000) . Before the advent of antibiotics, herbs have been used all over the world by all cultures for centuries in which each part of the world uses herbs that are local to the area. Western herbs tend to work slowly to restore health and balance to the body, while Chinese herbology contains some fast acting herbs (Afshar, 2012) . Herbs are flowering, non-woody and non-persistent plants while spices are herbs with an intensive smell and taste commonly added to human foods (Odoemelam et al., 2013 , Achinewhu et al., 1995 , Vadivel et al., 2011 , Marcus, 2013 . They fall into the class of feed additives known as phytogenic and they contain some chemical substances that are known to trigger definite physiological responses in the body of animals (Windisch et al., 2008) . Plants readily synthesize some chemical substances for their defense against insects, diseases, herbivores and harsh environmental conditions and they may also produce secondary antimicrobial metabolites as part of their normal growth and development (Afshar, 2012) . The most important bioactive compounds present in herbs and spices include alkaloids, glycosides, flavonoids, phenolic acids, saponins, tannins, terpenes, anthraquinones, essential oils and steroids (Brenes & Roura, 2010 , Patra & Saxena, 2010 , Groussin & Antoniotti, 2012 . The use of herbs and spices is increasingly gaining relevance in livestock production. Parts of herbs and spices that are make used for various purposes include rhizome (ginger, turmeric), stem bark (cinnamon), tubers (galangal), root (horseradish), leaf (mint, oregano, basil), flower bud (clove), bulb (garlic, onion), seed (sesame, cumin, white mustard), kernel/fruit seed (nutmeg), and fruit/ fruit pulp (pepper, black pepper, star anise, cardamom) (Calsamiglia et al., 2007) .
Some of the research findings revealed that the use of herbs and spices as feed additives in animal nutrition improved feed conversion ratio, body weight, feed intake, palatability and acceptability of feed by the animals (Cruz et al., 2014 , Valero et al., 2014a , Valero et al., 2014b , Zawadzki et al., 2011 . Zigger (2001) using garlic and cinnamon extracts reported increase in feed intake and live weight gain of weaned pigs fed feed supplemented with garlic and cinnamon extracts. Lippens et al. (2005) observed a significantly higher body weight in chicken supplemented with plant extract in an experiment conducted to determine the effect of a mixture of cinnamon, oregano, thyme, cayenne pepper and citrus extracts and a mixture of plant extracts and organic acids in comparison to nutritive antibiotic avilamicin in broiler chickens. The higher body weight observed was a consequence of increased feed consumption.
The use of herbs and spices in ruminant nutrition
In recent years, the use of herbs and spices has been of great interest in ruminant nutrition (Chaves et al., 2012 , Chaves et al., 2011 , Chaves et al., 2009 , Chaves et al., 2008b . The rumen ecosystem is composed of complex anaerobic microbial population of bacteria, fungi, protozoa and methanogens (Van Soest, 1994) . The ban on antibiotics by the European Union (OJEU, 2003) led to increase in production cost and this has prompted researchers in search for possible alternatives that will be effective in the manipulation of microbial fermentation in the rumen of ruminant livestock. What the researchers aim to achieve by manipulating the rumen fermentation process using herbs and spices include increase in the effectiveness of digestion and metabolism of nutrients, suppression of energy loss through the undesirable process of methanogenesis and overall increase in the productivity of the animals. In the past decades, antibiotics and other feed additives were used to increase the productivity of the animals in terms of meat, milk and wool production in intensive farming systems (Goodrich et al., 1984 , Ipharraguerre & Clark, 2003 . The effect of active components from herbs and spices depends largely on the dosage used. No effect whatever can be observed at small dosage whereas large amount of dosage can even be toxic to the animals (Frankic et al., 2009 ).
Numerous research that has been carried out on the effectiveness of herbs and spices as feed additives shows the beneficial effects of herbs and spices on nutrition, rumen fermentation and productivity of sheep, goats, calves, heifers, dairy cows and beef cattle, feed intake, immune functions and health Cardozo (Busquet et al., 2005a , Cardozo et al., 2006 , Cardozo et al., 2005 , Cardozo et al., 2004 , Chaves et al., 2008a , Chaves et al., 2009 , Chaves et al., 2008b , Chaves et al., 2008c , Greathead, 2003 , Kraszewski et al., 2002 . Researchers found out that improvement in the digestibility of different nutrients is probably due to the increase in gross activity of rumen microorganisms, increased total volatile fatty acids (TVFAs) concentration, increase in dry matter intake and weight gain rate by the animals (Ahmed et al., 2009). Esparza-Borges & Ortiz-Márquez (1995) evaluated the therapeutic effect of extracts of garlic (Allium sativum, L), eucalyptus (Eucalyptus globulus, Labill.) and gordolobo (Gnaphalium conoideum) on acute endometritis of Holstein cows. The result indicated that garlic was the most effective of all the extracts; however, eucalyptus was also effective but more treatments were needed. rosemary and citrus extracts was tested on sheep by Gladine et al. (2007a) , Gladine et al. (2007b) using linseed oil to induce lipid peroxidation by its continuous infusion into the duodenum. The extracts were applied directly into rumen through the rumen cannula.
The results showed that all tested plant extracts maintained their antioxidant capability in vivo in sheep. However, it was observed that marigold extract was the most bioefficient in preventing the occurrence of lipid peroxidation.
Chaves et al. (2008b) in a study carried out to examine the effects of cinnamaldehyde, garlic and juniper berry essential oils on performance and carcass characteristics of lambs fed a barley-based concentrate diet ad libitum reported that feeding cinnamaldehyde or juniper berry supplemented diet increased average daily gain and numerically improved feed conversion efficiency. However, the addition of cinnamaldehyde, garlic or Juniper berry did not affect carcass characteristics, meat quality, and had small effects on fatty acid composition of back fat and liver. Kudke et al. (1999) supplemented calves with powder of Azadirachta indica leave and observed that calves supplemented with powder of Azadirachta indica leave had higher weight gain and less incidence of parasitic infections compared to the unsupplemented calves. Cardozo et al. (2005) tested the effect of six natural plant extracts (garlic, cinnamon, anise, yucca, oregano and capsicum extract) and three secondary plant metabolites (cinnamaldehyde, eugenol, anethole) at five doses and two different pH (7.0 and 5.5) on in vitro microbial fermentation using ruminal fluid of heifers and the results showed that the effect of herbs and spices on ruminal fermentation in beef cattle may be different depending on the pH of the rumen. It was observed that at pH 5.5, garlic, capsicum, yucca and cinnamaldehyde modified ruminal fermentation in favour of propionate than acetate.
There are various plant secondary metabolites such as tannins and saponins, which suppress the bacteriolytic activity of rumen ciliate protozoa thereby enhancing total microbial protein flow from the rumen. Tannins can positively affect protein digestion in ruminants by binding to proteins and forming complexes thereby reducing their solubility and degradation by rumen bacteria (Patra & Saxena, 2011 , Hassanat & Benchaar, 2012 . These proteins, which pass through the rumen undegraded by the rumen microbes are then successfully utilized by the animal and provide the proteins necessary for the optimal productivity of the animals (Waghorn et al., 1990) .
Effects of extract/meal of herbs and spices in rumen fermentation
Adopting feeding strategies that will minimize the amount of energy lost as methane and reduce ammonia concentration can improve feed conversion efficiency, improve animal productivity and reduce global warming (Gebrehiwot, 2014) . Research findings reported by researchers has shown that manipulation of rumen microbial fermentation to decrease methane and ammonia production from ruminant livestock using extracts/meal of herbs and spices has proven to be a potential useful strategy in improving production efficiency in ruminants and replacing the use of antibiotics which has raised public concerns in livestock production because of the development of drug resistant bacteria (Benchaar et al., 2007 , Benchaar & Greathead, 2011 , Benchaar et al., 2008b . The results obtained from the use of these herbs and spices depend mainly on their properties (biologically active compounds present in them) and ability to influence rumen environment (Szumacher-Strabel & Cieślak, 2010 , Cieslak et al., 2013 . Rezaei & Pour (2012) reported that the addition of thyme methanolic extracts had a reducing effect on the degradability of soybean meal using in vitro gas production technique. The result showed that gas production was reduced on addition of extract of thyme. Chaudhry & Khan (2012) in an in vitro rumen fermentation test at Newcastle University involving five curry spices which include coriander, turmeric, cumin, clove and cinnamon revealed that the spices acted as natural antibiotics, killing methane producing bacteria in the animal's gut which lead to reduction in methane production, thereby allowing less harmful bacteria to increase in number and flourish. It was discovered that coriander caused a 40% reduction in methane production.
In an in vitro study on rumen microbial fermentation, Dong et al. (2010) propionate production and decreased protozoa numbers to a certain extent using luzerne extract (LE), Artemisiae annuae extract (AAE) and mixed herbal medicine (MHM) into different goat diets. Also, the inhibitory effects of the phytogenic products on methane production are more remarkable in the mixed-grass diet.
In another study carried out to assess the effect of ginger (Zingiber officinale) on the in vitro rumen ecosystem of sheep, Mohammad & Moeini (2015) reported that ginger supplementation improved ruminal fermentation due to reduction in ammonia, reduction in methane loss, reduction in acetate to propionate ratio and beneficial changes in protozoa population. Tag El-Din et al. (2012) also conducted a research to determine the effect of ginger (zingiber officinale) and garlic (allium sativum) on gas production, energy values, organic matter digestibility and methane emission in vitro. It was concluded from this research that the addition of garlic juice and ginger improved rumen fermentation, increased gas production and reduced methane production. Busquet et al. (2005a) also reported that garlic oil altered rumen fermentation by reducing the acetate to propionate ratio in a manner similar to what is obtainable using monensin (MO) in a continuous culture. Kim et al. (2012b) in their findings also reported that plant extracts (Artemisia princeps var. Orientalis; Wormwood, Allium sativum for. Pekinense; Garlic, Allium cepa; Onion, Zingiber officinale; Ginger, Citrus unshiu; Mandarin orange, Lonicera japonica; Honeysuckle) were shown to have properties to reduce methane production, reduce acetate to propionate ratio, decrease methanogen population and increase fibrolytic bacteria population. Fraser et al. (2007) in a study conducted on the effect of cinnamon leaf oils on rumen microbial fermentation in two continuous culture systems observed significant antimicrobial activity (through a reduction in diet digestibility and total VFA concentration) and reduced ammonia concentration in the group which received cinnamon leaf oils compared to the control group. They however observed that supplementation with cinnamon leaf oil at the dosage evaluated may have adverse effects on the metabolism and productivity of ruminants. However, Chaves et al. (2008b) in a study carried out to examine the effects of cinnamaldehyde, garlic and juniper berry essential oils on performance and carcass characteristics of lambs fed a barley-based concentrate diet ad libitum reported that supplementing the diet with cinnamaldehyde, garlic or juniper berry had no effect on any of the ruminal fermentation parameters measured. This contradicts the result findings from different in vitro studies which indicated that cinnamaldehyde and garlic alter ruminal nitrogen metabolism, increase propionate and reduce acetate and methane production in vitro (Busquet et al., 2005b , Kim et al., 2012a , Fraser et al., 2007 , Calsamiglia et al., 2007 . Benchaar et al. (2007) in a study to investigate the effects of essential oils (cinnamon leaf oil, clove leaf oil, sweet orange oil, oregano oil, thyme oil) and their components (carvacrol, cinnamaldehyde, eugenol, and thymol) on in vitro rumen microbial fermentation using batch culture reported that of the essential oils and essential oil compounds evaluated, only the phenolic compounds (carvacrol, thymol, and eugenol) affected ruminal fermentation. The authors stressed that at the doses evaluated in the study, essential oils and essential oil compounds showed no beneficial effects on rumen microbial fermentation. They however recommend further research to asses in vivo, the effects of essential oils and their constituents on rumen microbial fermentation. Mariam et al. (2014) in a study to investigate the potential impacts of different levels of essential oils blend (eucalyptus, cinnamon, peppermint, thyme and lemon) on rumen fermentation parameters and nutrient utilization in barki sheep reported that there were no significant effects among investigated levels of essential oil blend on in vitro gas production and methane production, short chain fatty acids (SCFA), NH3-N concentration and protozoa count. They however suggested from the result of the study that the combination of the five essential oils had an additive effect on the chemical profiles of the blend, which may be responsible for the lack response on methane emission, rumen microbial fermentation and apparent total tract digestibility of nutrients except decreasing the digestibility of crude protein.
In another study carried out by Arhab et al. (2013) production and rumen fermentation traits of vetchoat hay in vitro, the result showed that the three essential oil tested decreased methane production and also decreased ammonia N concentration at all doses tested. The authors further recommend further in vitro and in vivo trials to determine the optimum dose, which reduce methane production without adversely affecting fermentation and rumen function.
Conclusion
From the findings of several researches that has been carried out on the use of Extracts/meal of herbs and spices on rumen fermentation using gas production technique, it can be concluded that extracts of herbs and spices has a great potential in manipulating the process of rumen fermentation thereby reducing methane production, decreasing ammonium concentration and other rumen fermentation parameters. However, further research should be carried out on in vivo studies to determine the optimum dosage at which these herbs and spices should be supplemented in ruminants feed to prevent toxicity problems that could occur due to high dosage of supplementation.
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